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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cylinder liner of an 
engine, which has the improved strength and abrasion 
resistance, has the reduced manufacturing cost, and is 
lightweightened. 

SOLUTION: In the cylinder liner that is cast-embedded in the 
cylinder block of the engine, and has a sliding surface on which 1 
a piston can slide, formed on the inner surface, the cylinder liner 
consists of an Al alloy containing Al, Si and Cu as essential 2 - 
components, and at least either one element of Mn and Sn, 
wherein hardness of the matrix of the Al alloy is 70 HV or 
higher. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the cylinder liner which consists of aluminum alloy which an engine cylinder block cast- 
wraps, and said cylinder liner uses aluminum. Si, and Cu as an indispensable component in the cylinder 
liner by which the sliding surface on which a piston can slide was formed in inner skin, and contains one 
element of either Mn or Sn at least, and is characterized by the hardness of the matrix component in 
the aluminum alloy concerned be 70 or more HV. 

[Claim 2] Said aluminum alloy is a cylinder liner according to claim 1 which is mass %, and uses Si:20-30 
and Cu:0.05-2.0 as an indispensable component, and is characterized by containing the element of either 
Mn:0.05-4.0 or Sn:0.01-4.0 at least, and the remainder consisting of aluminum and an unescapable 
impurity. 

[Claim 3] Said aluminum alloy is a cylinder liner according to claim 1 or 2 which is mass % and is further 

characterized by particle size containing aluminum 203 2 micrometers or less 10% or less. 

[Claim 4] For said aluminum alloy, the area which intermetallic-compound beta-AIFeSi crystallized to 

said sliding surface occupies when it is mass %, any one or more sorts of elements Mg:0.1-1.5, 

nickel: 1.0-4.0, less than [ Cr:0.3 ], and not more than Fe:2% are contained and Fe contains is a cylinder 

liner given in either to claims 1-3 characterized by being 5% or less to the whole surface product of said 

sliding surface. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the cylinder liner which consists of the aluminium alloy 

which an engine cylinder block cast-wraps. 

[0002] 

[Description of the Prior Art] Engine lightweight-ization is advanced in connection with the rise of an 
environmental problem, and lightweight-izing and abrasion resistance are demanded of the material 
property of the sliding section of engine components, a cylinder liner — lightweight izing — it cast- 
wraps and the cylinder liner of structure is put in practical use. It cast-wraps, and the cylinder liner of 
structure is formed from a tubed aluminium alloy, it cast-wraps the peripheral face with the cylinder 
block which consists of a die-casting Plastic solid of an aluminium alloy, and the inner skin of a cylinder 
liner is covered and constituted by hard plating. 

[0003] Drawing 5 is drawing showing roughly the cross section of the cylinder block of a multiple 
cylinder engine. The tubed cylinder bore 12 on which a piston can slide is formed in each gas column of 
the cylinder block 1 1 of the multiple cylinder engine 10 shown in draw ing 5 , and a cylinder liner 13 cast- 
wraps in each cylinder bore 12, and it cast-wraps in it by the section 14, and is formed in it. 
Furthermore, the hard plating coat 15 is formed in the inner skin of a cylinder liner 13 of plating 
processing. 

[0004] It cast-wraps the account of a top and the cylinder liner of structure is produced by the process 
procedure shown in drawing 6 . First, aluminum alloy ingredient was prepared as a base material of a 
cylinder liner. In addition, when the component of concrete aluminum alloy ingredient is mentioned, by 
mass %, Si:9-10.5, Fe:0.5, Cu:2.5-3.5, Mg:0.5-0.8, Mn:0.3, Cr:0.2, and Zn:0.2 are contained, and the 
remainder consists of aluminum and an unescapable impurity. 

[0005] As shown in d raw ing 6 , after carrying out heating softening, first, the component of aluminum 
alloy ingredient was adjusted, the bell shape shell which continued by extrusion molding was produced, 
the produced bell shape shell was cut and the material of a cylinder liner was formed (process 1). 
[0006] After having performed water quenching after carrying out heating solution treatment to the 
material of a cylinder liner, and carrying out aging heat treatment after that, it cooled naturally and 
surface hardening was performed to the material of a cylinder liner (process 2). 

[0007] The electrical conductivity of the cylinder liner obtained after surface hardening was inspected 
(process 3). After carrying out processing processing of the end face and inside of a cylinder liner flat 
and smooth, processing processing of the external surface of a cylinder liner was carried out if needed 
(process 4), the metal mold of a cylinder block was equipped with the cylinder liner, it cast-wrapped with 
the aluminium die-casting alloy, and fabrication was carried out (process 5). After graduating by the 
machine grinding process of the inside of a cylinder liner (process 6), the acid washed, alkaline 
degreasing was performed and distributed plating processing of nickel-P-SiC was carried out after 
forming an alumite coat as surface treatment (process 7). Honing was carried out to the inside of a 
cylinder liner, and the precise dimensional tolerance was made (process 8). 

[0008] Plating processing is made by inner skin, the sliding surface is formed, and the cylinder liner 
manufactured by the above-mentioned manufacture approach has secured the abrasion resistance 
whose sliding of a cylinder is attained. 
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[0009] 

[Problem(s) to be Solved by the Invention] However, although its abrasion resistance improved since the 
cylinder liner in the former performed plating processing to the inner skin, in one side, the number of 
production processes increased by plating processing, the production process became complicated, and 
it had become the cause by which the manufacturing cost of a cylinder block soared. 
[0010] Then, the method of raising the abrasion resistance of the aluminum alloy itself which forms a 
cylinder liner, without performing plating processing is invented. For example, hardening processing is 
performed to aluminum alloy, surface hardness is raised, and there is the approach of carrying out the 
reinforcement of the aluminum alloy itself and a wear-resistant improvement. Although it is possible to 
raise the surface hardness of aluminum alloy by hardening processing of aluminum alloy In case [ at 
which it aimed at lightweight-ization ] it cast-wraps and the cylinder liner of structure is manufactured 
Since it cast-wrapped after hardening processing of a cylinder liner and became an elevated 
temperature with the heat at the time as mentioned above, the organization which considered as the 
high degree of hardness by amelioration of the alloy organization by hardening processing cast-wrapped, 
and changed with the annealing operations by the heat at the time, organization change became a cause, 
and the degree of hardness of aluminum alloy had fallen. Therefore, the hardening processing of 
aluminum alloy which was cast-wrapped and was performed before was not able to acquire substantial 
effectiveness. Consequently, there was a problem that the cylinder liner excellent in reinforcement and 
both wear-resistant properties could not be obtained. 

[0011] This invention is made in order to solve the above-mentioned problem, it raises reinforcement 
and abrasion resistance, and aims at offering the cylinder liner of the engine which aimed at and 
lightweight-ized reduction of a manufacturing cost. 
[0012] 

[Means for Solving the Problem] In order to solve the above-mentioned purpose, research of the 
ingredient which forms a cylinder liner is done variously. For example, elements, such as Fe and Cu, are 
added in aluminum alloy ingredient, reinforcement is raised, and the cylinder liner which prevented the 
fall of hardening is developed. However, although the fall of surface hardness could be prevented when 
Fe was added, under specific conditions, abrasion resistance had fallen conversely. For this reason, the 
cylinder liner excellent in reinforcement and both wear-resistant properties was not able to be obtained. 

[0013] Drawing 7 is drawing which compared hardness with aluminum alloy ingredient (it considers as a 
"Base alloy") which contained 25% of Si by mass % in A6061 which is an aluminum-Mg-Si system alloy, 
and aluminum alloy ingredient (referred to as "Base alloy +4%Fe") which contained 4 more% of Fe into 
this Base alloy, in addition — a "Base alloy" and each alloy of "Base alloy +4%Fe" — an extruded 
material (T1) — and it cast-wrapped, the hardness of (A) was measured the back, and the measurement 
result was shown. 

[0014] As shown in drawing 7 , the hardness of the extruded material (T1) of a "Base alloy" was cast- 
wrapped, and it fell to (A) remarkably the back, but the extruded material (T1) of "Base alloy +4%Fe" 
was cast-wrapped, and even if it was (A) the back, the fall of a degree of hardness was not seen. Even if 
aluminum alloy which beta-AIFeSi which metallic-bond compound beta-AIFeSi crystallized during the 
alloy organization, and was crystallized was distributed in aluminum alloy, aluminum alloy was 
strengthened when various this cause was studied and Fe was made to contain in aluminum alloy, the 
surface hardness of aluminum alloy improved, consequently contained Fe was after cast-wrapping it, it 
turned out that the fall of a degree of hardness can be prevented. 

[0015] However, when aluminum alloy was made to contain Fe, it cast-wrapped and next reinforcement 
has been secured, but under a certain limited abrasion test conditions, when beta-AIFeSi crystallized so 
much in aluminum alloy, it turned out that abrasion resistance falls remarkably. 

[0016] Then, when the part except compound beta-AIFeSi between Si grain metallurgy groups usually 
distributed not only the hardness of the aluminum alloy itself to measure but in aluminum alloy when 
many things are studied that a wear-resistant fall should be prevented, i.e., the hardness in the matrix of 
aluminum alloy, is measured, the hardness of a matrix results participating in the abrasion resistance of 
aluminum alloy deeply in completion of a header and this invention. 

[0017] That is, it consists of aluminum alloy which an engine cylinder block cast-wraps this invention, 
and a cylinder liner uses aluminum, Si, and Cu as an indispensable component in the cylinder liner by 
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which the sliding surface on which a piston can slide was formed in inner skin, and contains one element 
of either Mn or Sn at least, and is characterize by the hardness ( Vickers hardness number) of the 
matrix component in the aluminum alloy concerned be 70 or more HV. 

[0018] According to this invention, the cylinder liner excellent in abrasion resistance and both strong 
properties can be obtained solid solution hardening of a matrix, or by carrying out an age-hardening and 
setting hardness of a matrix to 70 or more HV so that press quenching may be promoted at the time of 
extrusion molding of a cylinder liner, and a cylinder block may cast-wrap and aging softening may not 
sometimes progress. Moreover, according to this invention, since plating processing is unnecessary, 
reduction of a manufacturing cost can be aimed at. 

[0019] In the above-mentioned invention, aluminum alloy is mass % and it is desirable to use Si:20-30 
and Cu:0.05-2.0 as an indispensable component, and to contain the element of either Mn:0.05-4.0 or 
Sn:0.01-4.0 at least, and for the remainder to consist of aluminum and an unescapable impurity. 
[0020] According to this invention, overaging softening can be controlled by making the element of 
either Mn which is a ******** element, or Sn contain at least. 

[0021] Although Mn was made to contain 0.05-4.0 times by mass % in aluminum alloy, it is because heat 
treatability will be injured if the effectiveness is not acquired as the content of Mn is 0.05%, but 4.0 is 
exceeded. Moreover, although Sn was made to contain 0.01-4.0 times by mass % in aluminum alloy, it is 
because it will stiffen if the effectiveness is not acquired as the content of Sn is less than 0.01%, but 4.0 
is exceeded conversely. 

[0022] Moreover, in the above-mentioned invention, aluminum alloy is mass % and it is also desirable for 
particle size to contain aluminum 203 2 micrometers or less. 

[0023] According to this invention, hardness of matric can be made into the value of 70 or more HV by 

mass % by making an alumina (aluminum 203) contain 10% or less in aluminum alloy. 

[0024] Moreover, in the above-mentioned invention, it is mass %, and when any one or more sorts of 

elements Mg:0.1-1.5, nickel:1. 0-4.0, less than [ Cr:0.3 ], and not more than Fe:2% are contained and Fe 

contains, it is desirable [ aluminum alloy ] for the area which intermetallic-compound beta-AIFeSi 

crystallized to said sliding surface occupies to be 5% or less to the whole surface product of said sliding 

surface. 

[0025] According to this invention, it is good to contain any one or more sorts of elements of Mg, nickel, 
Cr, and Fe if needed, in order to improve hardenability and an aging property, for example, to make it 
contain Mg:0.1 -1.5, nickel:1. 0-4.0, and in not more than Cr:0.3 by mass %. It is because hardenability is 
checked, so press quenching cannot be promoted here at the time of extrusion molding if Cr is 
contained in an alloy although the content of Cr was restricted or less with 0.3. 
[0026] Moreover, when Fe was made to contain, intermetallic-compound beta-AIFeSi crystallized in 
aluminum alloy, but since abrasion resistance would fall if the amount of crystallization of beta-AIFeSi 
increases, in this invention, the area which intermetallic-compound beta-AIFeSi occupies to the whole 
surface product of a sliding surface was specified as 5% or less. 



[Embodiment of the Invention] Hereafter, an example 1 - an example 5 and the example 1 of a 
comparison - the example 4 of a comparison are given and explained about the cylinder liner which the 
cylinder block of this invention cast-wrapped. 

[0028] In example 1 - example 5 (Table 1) this example, the presentation component of aluminum alloy 
was adjusted and the cylinder liner which set the degree of hardness of the matrix of an alloy to 70 or 
more HV was produced. 

[0029] First, the component of aluminum alloy ingredient of a cylinder liner was adjusted. As shown in 
Table 1 , the component presentation of an example 1 - an example 3 was mass %, used Si:20-30 and 
Cu:0.05-2.0 as the indispensable component, and adjusted them to the range which contains 
alternatively Mn:0.05-4.0, Sn:0.05-4.0, Mg:0.1-1.5, nickel:1. 0-4.0, and any one or more sorts of elements 
not more than Cr:0.3 at least. Moreover, particle size makes aluminum 203 2 micrometers or less, as for 
an example 5, contain in aluminum alloy ingredient. 



[0027] 



[0030] 
[Table 1] 
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adjusted aluminum alloy ingredient — dissolving — the air atomizing method — per second 102 — it 
cooled with K or more cooling rates, and the end of rapidly solidified powder was produced. It inspected, 
after collecting and sorting out the end of rapidly solidified powder. 

[0031] next, the end of rapidly solidified powder — a rubber die — being filled up — between the colds 
— dead water — after carrying out pressurization (CIP) processing, vacuum sintering processing was 
carried out and the billet was produced. After carrying out heating softening of the produced billet at the 
temperature of 425-520 degrees C, it considered as the bell shape shell which carried out extrusion 
molding and continued. Then, the bell shape shell was cut and the material of a cylinder liner was 
formed. 

[0032] Water quenching was performed after carrying out heating solution treatment to the material of a 
cylinder liner at the temperature of 545 degrees C. Furthermore, it cooled naturally, 180 degrees C after 
carrying out aging heat treatment. In addition, although T6 processing was performed, T-four processing 
which does not carry out aging heat treatment at 180 degrees C according to the selected ingredient 
may be performed. 

[0033] After inspecting the electrical conductivity of the obtained cylinder liner after surface hardening 
and carrying out processing processing of the end face and inside of a cylinder liner flat and smooth, 
processing processing of the external surface of a cylinder liner was carried out if needed, and the 
cylinder liner was obtained. 

[0034] The metal mold of a cylinder block was equipped with the cylinder liner, it cast-wrapped with the 
aluminium die-casting alloy, and fabrication was carried out. 

[0035] Furthermore, it gazed at the metal texture of the sliding surface which cast-wrapped and was 
formed in the inner skin of the cylinder liner after fabrication. 

[0036] Drawing 1 is the photograph Fig. expanding and showing the alloy organization in the sliding 
surface of the cylinder liner of the example 2 used as aluminum alloy ingredient containing Fe. As shown 
in drawing 1 , as for the alloy organization, crystallization of Si (1) and intermetallic-compound beta- 
AlFeSi (2) was observed in the matrix. When the alloy organization of a sliding surface was investigated 
and the deposit area of intermetallic-compound beta-AIFeSi in per unit area was measured, the area 
which beta-AIFeSi occupies had become 5% or less per unit area of within the limits. 
[0037] In the example of the example 1 of a comparison - an example of comparison 4 (Table 1) book 
comparison, in order to form a cylinder liner by the same production process as the example mentioned 
above, the explanation is omitted. Differing from an example is in the point which made the presentation 
of aluminum alloy ingredient out of range [ this invention ]. 

[0038] The example 1 of a comparison and the example 2 of a comparison are aluminum alloy 
ingredients with which the content of Fe exceeds 2%, and the example 3 of a comparison and the 
example 4 of a comparison are aluminum alloy ingredients which do not contain Fe. 
[0039] The cylinder liner which consists of aluminum alloy using each aluminum alloy ingredient to the 
above-mentioned example 1 - an example 5 and the example 1 of a comparison - the example 4 of a 
comparison was formed, and the hardness and abrasion loss of a cylinder liner (the aluminum alloy itself) 
were measured. The hardness of aluminum alloy which forms a cylinder liner was measured by the 
Rockwell trial, and abrasion loss was measured by the reciprocating motion abrasion test. 
[0040] A reciprocation abrasion test measures abrasion loss under a fixed load between a polishing ring 
and a test piece, and the test condition was considered as 2, test period an average of 0.16 m/s and 
wear distance of 300m with a load planar pressure of 1.0Ns [/mm ], and lubrication oil 1ml dropping, 
measured the wear volume, and calculated abrasion loss. A measurement result is shown in drawing 2 
R> 2. 
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[0041] As shown in drawin g 2 , as for the abrasion loss of the cylinder liner (the example 1 of a 
comparison, example 2 of a comparison) which consists of aluminum alloy which contained 4% of Fe by 
mass %, abrasion resistance fell mostly. Each abrasion loss of the cylinder liner (the example 3 of a 
comparison, example 4 of a comparison) which consists of aluminum alloy which does not contain Fe on 
the other hand is a value lower than 0.4, and it became clear that abrasion resistance is good. 
[0042] Next, the hardness and abrasion loss of a matrix in aluminum alloy were measured. The hardness 
of a matrix was measured by the Vickers hardness test, and used the Vickers hardness number meter 
which set the load to 0.5g. As shown in drawing 3 , the matrix in aluminum alloy measured the Vickers 
hardness number of the part except hard particles, such as Si, and made the average by ten 
measurement matrix hardness. Abrasion loss was measured according to the same test condition as the 
reciprocation abrasion test mentioned above. A measurement result is shown in drawing 4 . 
[0043] As shown in drawing 4 , the matrix hardness of aluminum alloy of the example 1 of a comparison 
containing Fe and the example 2 of a comparison is the value of 70 or less HV, and abrasion loss was 
increasing. On the other hand, each aluminum alloy ingredient of the example 3 of a comparison which 
does not contain Fe, and the example 4 of a comparison was a value with matrix hardness lower than 
70HV, and abrasion loss was 0.3 or more. On the other hand, it is 70 or more HV, and abrasion loss is 
0.3 or less, and each matrix hardness of aluminum alloy of an example 1 - an example 5 was able to 
obtain the cylinder liner which has the outstanding reinforcement and abrasion resistance. 
[0044] It considered as the component presentation of this example within the limits, and it became 
clear that the cylinder liner which has the outstanding reinforcement and abrasion resistance could be 
obtained solid solution hardening of a matrix which is set to 70 or more HV in matrix hardness, or by 
carrying out an age-hardening. 

[0045] Therefore, according to this operation gestalt, the cylinder liner which has the reinforcement and 
abrasion resistance which were excellent by performing processing of solid solution hardening of a 
matrix and an age-hardening can be obtained so that the hardness of the matrix of aluminum alloy which 
forms a cylinder liner may be set to 70 or more HV, and further, since it is not necessary to carry out 
plating processing at the inner skin of a cylinder liner, reduction of the manufacturing cost of a cylinder 
liner can be aimed at. 
[0046] 

[Effect of the Invention] According to this invention, as explained above, it has the outstanding high 
temperature strength and abrasion resistance, and since the cylinder liner of the engine which planned 
lightweight-izing and manufacture cost reduction can be obtained, by applying the cylinder liner of this 
invention to an engine, it can realize engine NghtweightHzation and reducing an environmental load 
further, and contributes to development of industry. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the organization of aluminum alloy of an example 2 in this operation gestalt. 

[Drawing 2] Drawing showing the hardness of aluminum alloy, and the relation of abrasion loss. 
[Drawing 3] Drawing showing the example of the sample extracted out of aluminum alloy organization in 
case the degree of hardness of the matrix of aluminum alloy is measured. 

[ Drawin g 4] Drawing showing the hardness of the matrix in aluminum alloy, and the relation of abrasion 
loss. 

[Drawing 5] The schematic diagram showing the cross section of the cylinder block of a multiple cylinder 
engine in the former. 

[Drawing 6] The manual procedure Fig. in the former in which cast-wrapping and showing the production 
process of the cylinder liner of structure. 

[Drawin g 7] About a "Base alloy" and each alloy of "Base, alloy +4%Fe", they are an extruded material 
(T1) and drawing which cast-wrapped and compared the hardness of (A) the back. 
[Description of Notations] 

1 — Si, 

2 — Beta-AIFeSi 
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IEffl«l®a)±®Wfz»LT 5 %OTtfe§ Z <t <!: 
1 3^T*C0t^^lcfB^(Dv»J >$f^ 

[O O 0 1 ] 
[O O 0 2] 

v'J>^^P^^7lCj:yg|S*tL. v'J 40 
[0 0 0 3] U5I*. JglSxvi/XDv'J >y;?p^ 

>i?>i o<dv«j >y^p^^7 1 1 <&«-»«fciitfx h 
vu>y7H7i 2ic->y >$r^-f-*-i 3*<iia^aji 4 

0)rt»Hfcl4, fco£tt»z*y«Wafro*jftflM 5*< 

[ooo4] ±tm&<h-mm.<Dis v^v^^-h*. me 50 



&a ift*»#<DjS#£*if6£. Ha%-e. S i : 9 

— 10. 5. Fe : 0. 5. Cu : 2. 5 — 3. 5. M 
g:0. 5 — 0. 8, Mn:0. 3, Cr:0. 2, Z 
n : 0. 2^tL, 8«*<A I fc«fctf^»M^tt«B 

[0005] 06 iz^-r j: 5 ic. ^-r. a i £&*ma> 

0>g<*£^KU i' t )l'?^<<i-<Dmtt&1&f£Ltz (X 
ID . 

[0006] is<)>?3*i-<Dmw^m^mt&mL 

fc (X*i2) o 

[0007] ssflnbaattic. Sb*if:v';>«>f 

^-^mmfeSit^^Lfc (Ig3) e V'J>?7>ft 

■J >^^-r^<7)n®(D*DX^^ L(Ig4), vy>y 
hft#lZct yfta^jSJ^JpxS- Lfc (Ig 

5) o vy >^^-Y^-a)rt®<z)ti«WBiJiPxiz e fey^ 

<bLtc& (186) . W=J:yft»L. T^*'JK»* 
fTl\ T*«i31£ LtTiR-f h^K^J^fita. N i - 
P-S i C0)#»ctf>o#ffl3£Lfc (Ig7) o V'J > 

rcft-biffc (igs) o 

[0008] ±iE»5fi*aic«ky«a*tLfci/ij>y^ 

[0 0 0 9] 

filtiv'J >#^-<:Mi. -t<Di*JBiffil::tf>o#«131£lfi 
L f- fc tf) ft KtH± A< fa±Ltz -^Izfcl^T. #>o# 

dMuz* y &&xaci[ft<JMjn L«axa^H*i t * y . 
[oo 1 o] f:t?, too#««*ifi*-ric5/y 

&##;e&£*iTl^ 0 -M^IS. A I ^±\zWit^m^ 

*fitt©af$t4^64 e a I ft*CD«<b«i31lc 
^yA I *40)a»«**JB«>*Z4:*<W«-C**^ 

#*ffl«(D»fifZc*:yB«fgi:L/cffltt^ 



*$P2003-231936 



#y A I ^IS^STLtLJoTt^o Sot, 
^tt^f^ftttlCSftfe > g > $r ^ >f ^- £ <t I* 

[0 0 1 1] *^B^li. ±EHBt»»f«fc»lcft$ 
[00 12] 10 

^£&taLT&jg£ra]_t£-t*T. «fto>«T*i»jhLfc 
■T4i:*ffiHJKa)fiT*l»jt-e#*tia)a). alette® 

[OOI 3] 117 I*. A l-Mg-S i *§4lfft{)A 20 
6 0 6 1 fzgg%T*2 5%OS i £#*L*:A I 
*4 ( TB a s e&tj if*) . COBas e^^|Z$ 
blZ4%0>F "eSMLfcA I ( TBa s 

*+4%FeJ fc-TS) t<D&££tt&LtzmX'&Z> 0 
ftfc. TB a s e«&*J fccfctf TB a s e^^+4%F 
ej ©fc-^fclZOl^T. »as» (T1) fcJztfftS^fft 

(A) <D«$*»5EU -t<D3B3t«JR*«Lfc. 

[0 0 1 4] H]7 IZ^-T^ fB a s e ^£ J COW 

Utt <T 1 ) <D«*f*. (A) IC^L<<gTL 

fcA<, CtUCStL. rBase^t+4%FeJ 0ff{Ji 30 
» (T1)' It (A) T'fco-Ct^SCD^TIi 

VtlP-A I F e S i ^SiiiU SiULfc^-A I F e S 
i I* A I £&*l3#tfc£*LTA | d*3b<a<b**LA I 
£<Z)*B«S#!rJ±U -C-a>MJR % FeSSSLfcAl 

[0 0 15] LA>L3feA<b, A I ^(ZF e£#*f£-t»- 
**lfc«ttttBt*f*T-CI4. A I £$E<P\ZB-A I F e 

[ooi6]^:t\ »«l*tta>«T*l»jht-^<<«4f 

&ut>?\ a i ^^+ic»tfcsti^)S i m j &&mmit'& 

me -A I F e S i £R*l*fc»#, A I 



[0017] i-ut>*>. *389Ji** x>S/>cD*>y >$r 

-{'tit. al si t$&tfc u &&mo>tit#t u A* 
ttttiA ska i *A4ia>7 mj 

[0018] :«MBi::j:*Ltf* ^'J^y^-r^ffttjfiE 
[0019] ±iBfi8j(rfcLxr. a i mm-% 

T% Si : 20-30, Cu:0. 05-2. O^j^I 
(OfiJt^tL, frO s Mn : 0. 0 5 — 4. 0£fcl±S 
n : 0. 0 1-4. 0 (Dl^tlfr — liOTtm&'PU < t 

ttti, saw a i atf^wjH»^«i^6**z.i 

[0 0 2 0] *SeWIZj;*Ui* MB#&tt5uftT*fc£Mn 

■tJrSCirfCcfcy, «#»*<b*W*0f «CfcA«-C#*. 
[002 1] A I^^CMnSiio^O. 05- 
4. 0#*£l*fc/>< % Mn©4ti3b<0. 0 5%tfc4 
t*0)J»»*«f»6*tr. 4. 0SiBiL4i:lSW[iatt*S 
t^bt'^o *fc, Snl*. A I a" zfe Clefts %"C 
0. 0 1-4. 0#W*1*fcA^ Sn^Si^O. 0 

1 %*»-e*4i-ta>Jtt*^»6*ir. 4. os 
ffl**tiMb-r*^e>-ca&-So. 

[0 0 2 2] *fc % ±f5^B£|zfclNT, A I S 
fi%T% f»iSA<2^miaTCDA I 2 O 3 S4tt«Z't 

[0 0 2 3] **B8lzJ:#itf, lio/br, A I #£*|C 
( a l 2 o 3 ) $1 0%iaT^^^lt^C(hlz 

«fcU. Th'J'y^^^jTOHViUlOlif-SC^ 

[0 0 2 4] $fc. ±fS^B^(cfcU>r. A I R 
g%7?, Mg:0. 1-1. 5, Ni : 1. 0-4. 
0. C r : O. 31ilTfc4:t/Fe : 2 %JilT(DL^+l^ 

rc, mGflnffiiciiffi'r««Hmfbft«i9-A iFes 

[0 0 2 5] *S§B^(Cci:^[S. ^A+l14^B#a^tt*a 
MgiO. 1-1. 5, Ni : 1. 0-4. 



*#||f]2003-231936 



0, Cr : O. 3VLT<»m&v&m£i±%t&i\ 

T*. Cr^ttJO. 3UTt$mLtzrf. 

So 

[0026] ffc, F e £#*r£i±&£A I &ft*\zft 

mm<t&tyB-A i f e s i *<aas-r«3b^ is-aif 
♦jewi-fc^r. tBnvao>±mmzttLx&mwititto 

P-A I F e S i <D£tf>£®8!£ 5 %fcTF<hgi£ L/c 0 
[0 0 2 7] 

ic^^tL/cv'j -^ivc. mmmi-mm 
[oo2 8] mmLLsimm&3 cgju 
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MJ vVT.omm.&l 0HVfel±tLfr> l J>^7'ft 

[0 0 2 9] v«J>y5Y^(DA I £&*mtf>/S 

Oj£#*§j£f*. SS%T*. Si : 20-30. Cu: 
0. 05-2. OBIOS#a, Mn:0. 05- 
4. 0, Sn : O. 05 — 4. 0, Mg : 0. 1 — 1. 
5 % Ni : 1. O — 4. OfccfctfCr : 0. 3 ia~F<7H> 

SA<2 //miaTCDA I 2 03 ^?tf:4;(Dtfc-5o 
[0 0 3 0] 

[in 





3fl 




to) 


Si 


Cu 


Ms 


Mn 


Sn 


Ni 


Cr 


Fc 


Al 2 0 3 


Al 




25.0 


1.0 


0.8 


1.0 


0.05 










bai. 




25.0 


0.2 


0.8 




0.05 






1.0 




bal. 




25.0 


0.2 


08 


2.0 


005 










bai. 




25.0 


0.2 


0.8 




0.05 


2.0 








bal. 




25.0 


1.0 


1.0 


1.0 










5.0 


bai. 




25.0 


0.2 


0.8 








0.2 


4.0 




bal. 


J£8HH2 


25.0 


1.0 


1.0 








0.2 


4.0 




bal. 




17.0 


4.5 


0.5 














bal. 




25.0 


4.0 


1.0 














bal. 



y«»i 02 KJu±o)^spiSja-e»aiL. stasia* 

[003 1 ] 3Bi*»B»*t^ASlz3taiL. * 

HtMcftiE (c i P) fflSLfcSL S^8«iILtt' 

h*ffc«Lfc 0 ftSSL/cfcfUy h£425-520 30 

[0 0 3 2] v'J>^v^^-O^IZ^Jg5 4 5 0 CT^D 
BSWbMLfe*. **A*t*fTofco £*>lc, i 8 

4aa*iELfcA^ attLfctmicfccr 1 so°ct*cob# 
xft «a a * n jg l ft i > t 4 as $■ js l r fc a t > . 
[0033] mmmittikm&. s^ti/cvu >^^>r^- 

[0034] v'J >^^D^^<7)^MlCviJ >y5-f^- 
[0 0 3 5] fi}fi^rt»JiOXft©v'J>y7-f 

±<oto®mzBm2fttzmwimo&mmm<DS.m£?T'D 

tz Q 

[O0 3 6] Fe^tLfcAI&^iL 



ffltai*. v MJ y^X4i|zs i (1) fc<fctf*IBIHHb«& 
feliS-A I FeS i (2) (DiU^aRStlfc. Jg®)® 

WHb^«30-A I F e S i Otii&mfc&mfeLtzt ZL 
*K & — A I FeS i CD£#>£®«li, *fiffi«fcfc y 

[0 0 3 7] H^MOjr&gffl4 (2>1) 

*it««T?l*. ±SCLfcj|J6«4:B«<Da!itxarccfcy 

mmmmftt Ltz&\z$>z> 0 

[0 0 3 8] ttlx#j1 fccfctf]ttt«2l4 % FeCD^M 
*<2%£jg*_£A I S#»«T*&y, tk««3fc*t/tt 
««4I*F e***LTl*ftL*A I ^«^T*fc^ 0 

[ o o 3 9 ] ±&znmm 1 -hjs^j 5 fc£i/jt«0y 1 - 

tt««4*-C<D«.A I ft4»8$fflt\tA I *^&fiK 
i)V'J>y^-r^^^fi£L. v'J>?7^t (Al^ 

s-f^fiE-r^A i -&&<D&£\tnvo^jL)\,um\z& yaj 

[0040] (taa&B«KKfi. mit&KKft-oomic 
-^^ficDTT*^*^;iiiS"r'SfccDT*fcy. 

(4, MIE1. O N/mrr»2 ^ |J^g5|i^jo. 16 
m/s. 0*fS«|3 O Om, S/WiUmiaTi 

Z\Z7f:'< 



( 5 ) 
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[0 04 1] m2\Z7n^^otZ % SM%T* 4 %0) F e £ 
"^^LtzA I D^bfiE^v'J^^'ft Ufc««1. 
itmmz) <Dm&Mi\t2<Mm&iS.tfi&TLtz 0 
F e £^&LTl*£:(^A I 6**>Mb/$£ V 'J >^*f 

<*tgH593, tt;^4) (DSSSJi^-rttto. 4i:y 

[0 0 4 2] A I 6**CD7 h'J ^£X(7>®£*> 

•fcWSISiSLfcc v h'J ^^xco^$lie^* — 
^BSKWCcfcyaiSU «M*0. 5 g af:t^ 10 

— xa^tt^fiifflLyco a i 6#+co7 h 'j ^^xii, 

[0 0 4 3] S4lZ^-TJ:5l3 % F e S#*Lfclt«« 
1 ■fc<fctfit«HS!l2<'DA I 6*0)7 h 'J »y^X«Stt7 O 

HVOToitfey, iRitt«*it^fc 0 f 

e »«*Lftl^itKfl3£«):t;jtttA4a)A I 6*W*4 20 
I*. Ivj-Jt*^ h'J V ^XI* #7 O HVcfc Ufil^ttT? 

fey. ■ 3&xo, jcfijt^o. 3ja_t-efeo^ 0 c^xic^t 
u *«s«i-seifi«5a)A i 6*0*7 hu ^^xa* 

loo**! *mmm<D&mtoa>mftmmtL. ?hu 

[OO 4 5] tEoT. **Jfi^ffifZcfc*Lli % y'J>^7 
-f-t*»*t4A I 6*0)7 h'J 7^^®*S7 OH 



[Hi ] 




10/im 



1:Si 

2: 0-AIFeSi 



mt<bmm£n-?zk\z&y % stitz&§Lt$&xsmmf£ 

[O 04 6] 
[■■OMJftttlM] 

[■si] *nMmmizt$\i&^ nmmzoA \ 

MS-fl^B. 

[12] A t 6*(D«SfcJ:r/»«*(DBI«"*^-rH 0 

[S3] a 1 6*07 h'J y9Xd)Ut«Met«R 
Do 

[0 4] A I 6#*(D7 h'J *V ^7 X(7>SI$ feet 
<DM«£*-rB. 

[!H5] «£*|z*5ltft % *ft«x>S?><DS/ij>y3fP 

[06] tt&*ttfia>»>y 
«*xas^-r^inBi. 

[IH 7] l"B a s e6*J fccfctf TBa s e6*+4% 
Fej (Dft^sfelC-Dl^T* fftBtt (T1) fe<fctf»ft^. 

fft (a) a>«**Jk»LfcB a 
1 — s i . 

2-0-A IFeSi, 



[<12] 



1.4 
1.2 

1 

0.8 
0.6 


ttttMi 1 




\it««2 




0.4 




0.2 


1 1 — -- + -_J**« 4 mmMA 
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